From the cloned mitochondrial DNAs (mtDNAs) isolated from two bisexual species, one Mediterranean, Artemia salina, and one American, Artemiafranciscana, and two parthenogenetic (diploid and tetraploid) strains of Artemia parthenogenetica collected in Spain, physical maps have been constructed and compared. They are extremely different among themselves, much more than the differences between Drosophila melanogaster and D. yakuba and in the same range of different mammalian species such as mouse/rat or man/cow. The nucleotide sequences of two regions of mtDNA encoding parts of the cytochrome c oxidase subunit I (COl) and cytochrome b (Cytb) genes have been determined in the two bisexual species and the two parthenogenetic strains. Comparisons of these sequences have revealed a high degree of divergence at the nucleotide level, averaging more than 15%, in agreement with the differences fou, fid in the physical maps. The majority of the nucleotide changes are silent and there is a strong bias toward transitions, with the C o T substitutions being highly predominant. The evolutionary distance between the two Artemia parthenogenetica is high and there is no clear relationship with any of the bisexual species, including the one present nowadays in Spain.
From the cloned mitochondrial DNAs (mtDNAs) isolated from two bisexual species, one Mediterranean, Artemia salina, and one American, Artemiafranciscana, and two parthenogenetic (diploid and tetraploid) strains of Artemia parthenogenetica collected in Spain, physical maps have been constructed and compared. They are extremely different among themselves, much more than the differences between Drosophila melanogaster and D. yakuba and in the same range of different mammalian species such as mouse/rat or man/cow. The nucleotide sequences of two regions of mtDNA encoding parts of the cytochrome c oxidase subunit I (COl) and cytochrome b (Cytb) genes have been determined in the two bisexual species and the two parthenogenetic strains. Comparisons of these sequences have revealed a high degree of divergence at the nucleotide level, averaging more than 15%, in agreement with the differences fou, fid in the physical maps. The majority of the nucleotide changes are silent and there is a strong bias toward transitions, with the C o T substitutions being highly predominant. The evolutionary distance between the two Artemia parthenogenetica is high and there is no clear relationship with any of the bisexual species, including the one present nowadays in Spain.
Introduction
The brine shrimp Artemia (order Anostraca, class Branchiopoda) is widely distributed in salterns and high-salt ponds all over the world in more than 300 localized, geographically isolated areas (Vanhaecke et al. 1987) . In spite of its great interest and extensive use in aquaculture, little is known about the systematics of the genus and the evolutionary relationships among the different Artemia strains and species (Browne and Bowen 1991) . The name Artemia salina, originally assigned to a sample collected in Lymington (England), was used by the early Italian artemiologists to designate the Mediterranean species (Artom 1931; Stefani 1960 Stefani , 1967 PiccineUi and Prodoscimi 1968; Barigozzi 1974 ). Zoogeographic and crossbreeding experiments support the hypothesis of a single bisexual species in the Mediterranean area. Recently Mura (1990) , after examining the morphology of a few specimens from Lymington (England) preserved in the collection of the British Museum of Natural History, has obtained support on the conspecificity of the European bisexual brine shrimps, justifying the maintenance of Artemia salina as the name for this species. Based on reproductive isolation, the genus comprises four bisexual species, two endemic to the New World, A. franciscana (North America and the Caribbean region) and A. persimilis (Argentina) and two endemic to the Old World, A. salina (Mediterranean area), and A. sinica (China; Browne and Bowen 1991) . A fifth bisexual species described by Abreu-Grobois (1983 , 1987 , is apparently lost, and thus it is difficult to classify in relation to other Artemia species, in particular A. sinica. In addition to these sexual species, there are also many stable populations of Artemia with an asexual mode of reproduction endemic to the Old World, some of them differing in the degree of ploidy (diploid, tetraploid, and pentaploid). All these populations are grouped under the generic name of A. parthenogenetica (Browne and Bowen 1991) . Based on relative mobilities of proteins in electrophoretic patterns, the genetic distances of the different Artemia species have been calculated and the origin of the parthenogenesis has been suggested to have been established in Europe roughly 5 million years (MY) ago (Beardmore and AbreuGrobois 1983; Abreu-Grobois 1987) . As deduced from this analysis, the origin of parthenogenesis would be monophyletic, showing an extensive polyclonality.
Molecular tools have been widely used during the past decade in studying phylogenetic relationships and molecular evolution. This is especially important in phyla where no fossil records are available and/or there are no clear morphological traits to be used as markers of the different populations. Its high rate of evolution, maternal mode of inheritance, and lack of recombination has made mtDNA the most useful molecule in this kind of analysis (Arise 1986; Mortiz et al. 1987; Wilson et al. 1987) . It is small, compactly organized with few intergenic spaces, and with few exceptions its gene content is strictly conserved in the animal kingdom (Attardi and Schatz 1988; Cantatore and Saccone 1987; Okimoto et al. 1992; Hoffmann et al. 1992) . Lacking recombination and being maternally transmitted, its lineage can be easily evaluated (Brown 1983) . Finally, it is well established that its mutation rate is quite high, 5-10 times higher than that of singlecopy nuclear DNA in mammals, probably because there are no DNA-repair mechanisms in the mito-chondria . As a result of these features, comparative studies among related animals are very reliable (Moritz et al. 1987 ) with an accumulation of mutations fairly constant until the molecule is saturated (15-20% of the sites). Although in vertebrates, especially in mammals, there is a wealth of information (Brown 1983) , fewer studies have been performed in invertebrates, with the exception of echinoderms among the deuterostomes (Asakawa et al. 1991) and Drosophila among the protostomes Solignac et al. 1986; Hale and Sing 1986; DeSalle et al. 1987; Garesse 1988; Gonzalez et al. 1990; Nigro et al. 1991) . There is almost a complete lack of knowledge in the crustacean class, where only Daphnia has been studied from the perspective of molecular evolution (Crease et al. 1989) . Only recently some sequences of 16S rDNA from crustacea including Artemia have been used to establish the phylogenetic relationship of king and hermit crabs (Cunningham et al. 1992) . In invertebrate taxa, the rates of evolution of mtDNA and single-copy nuclear DNA are more similar, but the difference is mainly due to a greater rate in the evolution of single-copy nuclear DNA, with mtDNA evolving at similar rates in all animals (Caccone and Powell 1990) .
We have been studying in our laboratory the genetic organization of Artemia franciscana mtDNA (Batuecas et al. 1988; Marco et al. 1989) . Its gene content is identical to the majority of animal mtDNA sequenced so far, encoding 13 subunits of the electron-transfer respiratory chain protein complexes present in the inner mitochondrial membrane, two ribosomal RNAs (12S and 16S), and 22 tRNAs. In this work, we have cloned the mtDNA from three additional Artemia isolates living in the Old World: the Mediterranean bisexual species Artemia salina (collected from Cadiz, Spain), a diploid parthenogenetic strain (collected from La Mata, Spain), and a tetraploid parthenogenetic strain (collected from Delta del Ebro, Spain). Specific regions of two well-conserved genes, cytochrome c oxidase subunit I (COI) and cytochrome b (Cytb), have been sequenced from all four strains, including Artemia franciscana. These data have been used to infer the evolutionary relationships among the Artemia strains and to initiate the study of the molecular evolution of the mitochondrial genome in the genus Artemia.
Materials and Methods
Artemia Strains: Morphological Aspects. The geographic origin of the four Artemia populations investigated in this work, fol-lowed by their code abbreviations (used hereafter), is as follows: Dos Hermanas saltern in San Fernando, Cadiz, Spain (SAL)--bisex/lal species; La Mata lagoon in Torrevieja, Alicante, Spain (PD)---parthenogenetic diploid strain; La Trinidad saltern in Bahia de los Alfaques, Tarragona, Spain (PT)--parthenogenetic tetraploid strain; and San Francisco Bay salterns (Bay Brand Stock), California, USA (FR)mbisexual species. The morphology of adult specimens from the different species was studied according to methodologies described elsewhere (Hontoria and Amat 1992a,b) on populations obtained from these locations. (The animals were laboratory raised in seawater at 25°C temperature, fed live unicellular algae Tetraselmis suecica and Dunaliella salina.) Among a certain variety of morphological traits (12) usually studied (Amat 1980; Hontoria and Amat 1992a,b) , the ovisac shape in adults females was always the most conspicuous one in allowing an accurate way to differentiated species and strains, in agreement with other authors (Abreu-Grobois 1983; Barigozzi 1974) .
MtDNA Preparation and Cloning Specific CO1 and Cytb Regions. MtDNA was prepared from Artemia cysts developed during 14-16 h in 0.25 M NaCI at 30°C as previously described (Batuecas et al. 1988) , except that the discontinuous sucrose gradient was omitted. We started from 5 g of cysts, obtaining approximately 50 p.g of supercoiled mtDNAs. MtDNAs were digested with BamHI using the conditions specified by the enzyme manufacturers and electrophoresed on 1% agarose gel, and the generated fragments were recovered with DEAE paper and eluted at 65°C in 0.05 M arginine, 1 M NaC1. Each BamHI fragment was cloned in the vector Bluescript (Stratagne) using standard conditions (Sambrook et al. 1989 ) and amplified in Escherichia coli DH5 c~ cells. Plasmid DNA was prepared using procedures previously described (Holmes and Quigley 1981) . To construct the physical maps, single, double, and triple digestions with the enzymes HindlII, EcoRI, BamHI, and XbaI, were carried out using purified mtDNA and the BamHI mtDNA clones, and the restricted DNA was electrophoresed on agarose gels with a resolution that allowed detection of fragments larger than 100 bp. To localize the genes on the mtDNA molecules, we subcloned specific fragments from each mtDNA in the vector Bluescript (Stratagene) and sequenced both ends of the clones to compare their sequences with that of the D. yakuba mtDNA sequence . This strategy allowed the identification of several mitochondrial genes scattered along the mitochondriai genome of each Artemia and the alignment of the physical maps. With this information we subcloned two specific fragments from the four Artemia, encoding the same regions of the COI and Cytb genes.
Sequencing. Double-stranded DNA from mtDNA clones was sequenced using the dideoxy chain termination method (Sanger et al. 1977 ) with [35S]dATP and Sequenase (USB) (Tarbor and Richarson 1987) . We used buffer-gradient sequencing gels as described (Biggin et al. 1983) .
Sequence Comparisons and Phylogenetic Analysis. Genes within the different sequences were identified by direct comparison to the whole D. yakuba mitochondrial genome of both nucleotide and predicted amino acid sequences, using the programs developed by Staden (1986) . CO1 and Cytb sequences were aligned using the multiple alignment programs Clustal V (Higgins and Sharp 1988; 1989) and Tree Align (Hein 1990 ). Phylogenetic analysis were carried out using the parsimony method with the program Tree Align (Hein 1990) and using the several programs of the PHYLIP package, version 3.4 (Felsenstein 1988 (Felsenstein , 1989 .
Results and Discussion

Cloning and Physical Maps of mtDNAs from the Bisexual Artemia Salina and Diploid and Tetraploid Strains from Artemia Parthenogenetica Collected from Spanish Locations
In a previous work, we have determined the physical and genomic maps of A. franciscana mtDNA (Batuecas et al. 1988) . Using the cloned mtDNA as a probe, we have carried out in Southern blot analysis a survey of restriction-fragment-length polymorphism of mtDNA from different New World and Old World Artemia. The results (Marco et al. 1989) clearly showed a very high degree of polymorphism among the mtDNAs analyzed that made impractical the application of any statistical method of analysis to determine the level of divergence or the phylogenetic Artemia relationships (Nei 1987) . Taking into account this variation, we decided to subclone and sequence specific regions from the different mtDNAs.
As shown in Fig. 1A , we have cloned into the BamHI site of the Bluescript vector the whole mitochondrial genome from the Mediterranean bisexual A. salina, and two strains of A. parthenogenetica. The mtDNA from the tetraploid strain of A. parthenogenetica has only a single BamHI site and the complete molecule is contained in one recombinant clone. The mtDNA from the diploid A. parthenogenetica and from the A. salina contains two BamHI sites and therefore each molecule has been cloned in two recombinant plasmids. The degree of polymorphism was surprisingly high, especially in relation to the previously described evolutionary relationship among the different Artemia (AbreuGrobois 1987). As an example of the degree of polymorphism present in the mtDNA from the Spanish Artemia, the fragments generated in the digestions with HindIII are shown in Fig. lB . A complete variation in the number and the size of the fragments is easily observed. Not only the bisexual species are completely different in this respect, but also the two parthenogenetic strains of differing degrees of ploidy.
In order to characterize the mitochondrial DNAs we have constructed their physical maps by single, double, and triple digestions with the restriction enzymes BamHI, EcoRI, HindIII, and XbaI using purified and cloned mtDNAs, and compared them to that previously determined in A. franciscana ( 2 for the alignment of the physical maps, the majority of the restrictions sites have probably changed. When sequence data are available, some of the restriction sites apparently located in similar positions of the physical maps are found not to be conserved. For example, if the diploid parthenogenetic mtDNA is compared with that of A. franciscana, from 46 restriction sites only three or four at most could be conserved (Fig. 2) . This result differs from that between the two Drosophila (melanogaster vs yakuba), in which the same restrictions sites are quite conserved---only five changes in 19 sites (Fauron and Wolstenholme 1980) . Even between rat and mouse there is, possibly, more conservation, since a similar analysis carried out comparing the position of 33 restriction sites showed that only three are conserved (Gotoh et al. 1979 ). All these numbers are for restriction enzymes recognizing six nucleotides.
The mitochondrial genomes deduced from their physical maps are 15.3 + 0.5 kb in size, in the same ranges as the A. franciscana mtDNA (Batuecas et al. 1988) , suggesting that there is no important deletion and/or duplication in the mtDNAs, as has been found for other organisms, such as Drosophila (Fauron and Wolstenholme 1976) or lizard (Densmore et al. 1985) . Furthermore, the sequencing of small fragments of DNA scattered in the Artemia mtDNAs, as shown in Fig. 2 , also indicates that, as could be anticipated from the strong conservation of gene order detected between A. franciscana and other arthropod mtDNAs such as Drosophila (Batuecas et al. 1988) , the genomic organization of the four Artemia mitochondrial genomes is the same.
Differences in Sequences Among the Artemia mtDNAs
To evaluate with more precision the degree of divergence among the mtDNAs from the four Artemia we have sequenced several regions, in particular two specific ones, encoding parts of the cytochrome c oxidase I and cytochrome b genes. These regions have been selected because they belong to the more conserved mitochondrial-encoded polypeptides in different organisms, allowing a more reliable comparison. The subclones have been obtained as described in Materials and Methods and the exact location in the molecules of the sequenced COI and Cytb regions is indicated in Fig. 2 . The alignment of the sequences is shown in Fig. 3A1 ,2 (COD and 3B1,2 (Cytb). In addition the sequences of the same region of D. melanogaster, DM (De Bruijn 1983; Garesse 1988) , and D. yakuba, DY , have been included. Table 1 shows the percentage of identity at nucleotide and amino acid level among aligned pairs of sequences from the four Artemia and the two Drosophila. In agreement with the restriction-site polymorphism analysis, the degree of divergence at nucleotide level among the Artemia mtDNA sequences is very high, ranging from 15 to 21% in the COI gene and from 18 to 24% in the Cytb gene, much higher than the divergence detected between the two Drosophila species, which is 8% for the same fragment of both genes. In the case of the comparison between rat and mouse, the divergence is 18% for the COI and 17% for Cytb, while for human vs cow the values are 18% for COI and 25% for Cytb (data not shown). A similar relationship is found at the amino acid level although at a lower percentage due to the higher stringency of the conservation of the amino acid sequences. The divergences range among Artemia between 2 and 3% for the CO1 gene sequences and between 2 and 8% for Cytb, while it is only 1% between the two Drosophila. Logically, due to the evolutionary separation between Crustacea and Diptera, the variation between Artemia and Drosophila is much greater, not so much at the nucleotide level, where mutations approach saturation, but at the amino acid level where changes are three-to fivefold higher for each comparison.
In accordance with these results the majority of the detected nucleotide changes are silent at the amino acid level, single substitutions at third position of codons, with fewer double changes per codon (Table 2) the ratio silent/nonsilent is 19 for Cytb and 37 for CO1, while the frequency of codons changed is only 0.236 for Cytb and 0.229 for CO1. For mammals, the ratio silent/nonsilent is only two (human/bovine) and four (rat/mouse) for Cytb and 44 (human/ bovine) and 16 (rat/mouse) for CO1. The frequency of codons changes is very similar to that found in Artemia, ranging from 0.472 (rat/mouse) to 0.55 (human/bovine) for Cytb, while those for COI are 0.512 (rat/mouse) and 0.536 (human/bovine)
Patterns of Nucleotide Substitution
When the different kinds of substitution are analyzed (Table 3) , transitions largely predominate over transversions. Adding the results of all the comparisons, in the CO1 gene there are 422 transitions (78%) and 120 transversions (22%) and in the Cytb gene 255 transitions (75%) and 86 transversions (25%). These data imply a preponderance of transitions by a factor superior to three, a result approaching that found when mtDNAs from phylogenetically closely related mammals such as pri- * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * FGTLGMIYAMLAIGILGFVVWAHHMFTVGMDVDTRAYFTAATMIIA FGTLGMIYAMLAIGVLGFVVWAHHMFTVGMDVDTRAYFTAATMIIA FGTLGMIYAMLAIGILGFVVWAHHMFTVGMDVDTRAYFTAATMIIA FGTLGMIYAMLAIGILGFVVWAHHMFTVGMDVDTRAYFTAATMIIA FGSLGMIYAMLAIGLLGFIVWAHHMFTVGMDVDTRAYFTSATMIIA FGSLGMIYAMLAIGLLGFIVWAHHMFTVGMDVDTRAYFTSATMIIA * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * mates and R. norvegicus vs R. rattus (Brown and Simpson 1982) are compared, exceeding the changes found for the corresponding gene fragments of less closely related mammals such as rat/mouse or human/bovine (Table 3 ).
Therefore, among the different Artemia, although the degree of nucleotide sequence divergency is very high (more than 15%), in the same range of mammals that diverged more than 60 MY ago, the number of transitions still predominates over transversions. For example, in comparisons of the same region of the Cytb gene, the number of transitions and transversions between human and cow is very similar, but there are still three times more transitions in Artemia, suggesting a stronger bias toward transitions that is maintained even when substitutions per nucleotide approach saturation. On the other hand, the dynamics of mtDNA evolution in Drosophila seem to be different, and among related species (melanogaster/yakuba), with a low nucleotide sequence divergency (less than 10%), there is not such a bias toward transitions only detected when different strains of the same species are compared (DeBruijn 1983). Therefore, we have found a pattern of nucleotide substitutions in Artemia very different from the pattern of nucleotide substitutions described in Drosophila (Table 3 and Wolstenholme and Clary 1985; Garesse 1988) . Table 4 shows a more detailed analysis of the different types of substitutions. Overall, the transition CaT is the most frequent substitution, representing 54% of all changes and 72% of the transitions in the Cytb gene. Similarly, in the CO1 gene, CaT represents 51% of all changes and 66% of the transitions. The preponderance of the CaT transition in the coding strand of mitochondrial-encoded protein genes has been also observed in the comparison of sequences of related Drosophila species Garesse 1988 ) and mammals (Brown and Simpson 1982) . This analysis can be extended to additional gene regions that have been sequenced in different Artemia (Table 5) . Overall, the results are analogous to those shown by the COI and Cytb genes, both at the level of nucleotide and amino acid changes as well as at the pattern of nucleotide substitutions, although the average number of transitions is slightly lower (62%) than in the COI and Cytb genes.
Phylogenetic Relationships
Using the data of sequence divergence we have inferred the phylogenetic relationships among the four Artemia. They have been deduced for the Cytb and COI genes separately using the maximum likelihood (ML) method (Felsenstein 1989) . In both cases we have included the D. melanogaster and D. yakuba sequences as outgroups. The programs used were two distinct versions of the ML algorithm in Felsenstein's program package PHYLIP (version 3.4) . They assume unequal rates of occurrence between transitions and transversions and allow one to assign different weights to each codon position. By using bootstrapped and ML methods sequentially 1,000 trees were generated and the length of the branches of a consensus tree was recalculated with the ML program, which assumes a molecular clock. We have obtained two slightly different trees for the two genes, although the tree obtained in the Cytb comparisons gives the largest ML value and is the one shown in Fig. 4A . The Drosophila species and the four Artemia are grouped separately, and among the Artemia, the Spanish sample of the bisexual Artemia (SAL) is left outside (Fig. 4A) . The topology of the tree for the remaining Artemia indicates that the two parthenogenetic strains branch more recently while A. franciscana is separated. Similar trees, always indicating the monophyly of the asexual forms, are obtained using with the Cytb The sequences of specific regions of several genes (see below) cloned from the indicated Artemia (in parentheses) have been compared to their homologous counterpart in A. franciscana. ND1, ND4, and ND6, NADH dehydrogenase subunits 1, 4, and 6. CO Using SEQBOOT, 1,000 trees were generated by DNAMLK, a maximum likelihood method assuming a molecular clock, from which the consensus tree was obtained using CONSENSE. The relative rates of substitution at first, second, and third position of codons used were those deduced from the comparison of the original sequences (Fig. 3B )--namely 1, 0.1, and 6.45, respectively--with a ratio of transitions/transversions of three (Table 3 ). The empirical base frequencies obtained from the Cyt b sequences by the program were used. Bootstrap confidence estimates of the species grouping presented in the tree (Felsenstein 1985 (Felsenstein , 1989 sequences the bootstrapped parsimony and distance matrix methods (Felsenstein 1985 (Felsenstein , 1989 and Tree Align program (Hein 1990 ).
It is necessary to note that although the statistical signification of nodes is low (Felsenstein 1985 ) the topology of the tree is in accordance with molecular evidence showing the presence of the same nuclear satellite DNA in all A. parthenogenetica strains (Badaracco et al. 1991) . In addition, several morphological and physiological characteristics in common support the monophyly of the parthenogenetic species and their closer relation to A. franciscana than to salina in agreement with the tree presented in Fig. 4A . As shown in the diagram (Fig. 4B) , A. franciscana shares with the two parthenogenetic strains the bulges above the ovisac just below the last pair of philopods in the thorax; the bulges are only absent in the Mediterranean species (Amat 1980) . A similar grouping appears from the consideration of the temperature effects on the fitness of the different species (Browne et al. 1988; Zhang and Lefcort 1991) . The A. franciscana and the parthenogenetic strains are able to survive, both as nauplii and adults, temperatures in the range of 30°C, while the Mediterranean species does not survive to the exposure to temperatures higher than 20°C. This grouping suggests that the Artemia radiation may have occurred before the geographical separation of America from the Eurasian continent. The variation found between the two bisexual species analyzed here, A. franciscana and A. salina, confirm that they are separated species, as indicated by additional biological information based on the lack of cross-fertility and morphological differences (Rodino et al. 1989; Amat 1980) , isozyme allelic frequencies (Navarro et al. 1991) , or types of highly repeated sequence (Badaracco et al. 1991) . On the other hand, according to the information on the differences among the mtDNA sequences, the time of divergence is considerably more ancient than previously estimated. Assuming similar rates in insects and crustacea, it varies from three times the separation of D. melanogaster and D. yakuba (Satta and Takahata 1990)--namely, 45-60 MY--to one-fifth to one-fourth the time marking the beginning of the arthropod radiation, i.e., 100-125 MY. This is in contrast to the previous estimation of 25 MY (Abreu-Grobois 1987) and corresponds to the period of time in which the continental drift was initiated, leading to the geographical separation between America and Eurasia. Furthermore, the branching of the different strains of A. parthenogenetica analyzed here is also much older than the 5 MY previously estimated (Abreu-Grobois 1987) . It varies from twice the time of separation of D. melanogaster and yakuba, i.e., 30-40 MY, to even more if the reference is taken to the time of arthropod radiation. This estimation of 30-40 MY extends to the separation of the two parthenogenetic strains, the diploid and the tetraploid, previously supposed to be much more recent--2 MY (Abreu-Grobois 1987) .
The antiquity of the parthenogenesis in Artemia makes a great difference from what is found in other animals with parthenogenetic populations. Artemia is thus an apparent exception to the conclusion of the rarity and recent arising of parthenogenetic strains, both in invertebrates, Daphnia (Crease et al. 1991) , and vertebrates, gecko lizards (Moritz 1991) , that agree with the ideas of many authors--for example Williams (1975) --who claim that alternatives to sex are rare because of difficulties of this mode of asexual propagation relative to stability, change, and adaptation during evolution. If the unusual ecological form of living of Artemia reducing the biological competition could explain the perdurance of these parthenogenetic strains remains a possible reason for such an exception.
In conclusion, the data presented here support the notion that the four Artemia correspond to different species--namely, Artemia salina, Artemia franciscana, Artemia parthenogenetica diploidica, and Artemia parthenogenetica tetraploidica. In addition, at least two more species should be considered--namely, Artemia persimilis, present in Argentina and possibly sharing a common ancestor with Artemiafranciscana, as suggested by the presence of the same nuclear satellite (Badaracco et al. 1991) , and Artemia sinica. The future extension of the mtDNA variability studies both within and among populations of different geographical locations spread all over Eurasia will allow one to characterize possible levels of isolation, mechanisms of extinction and recolonization associated to climatic and geotechtonic changes, as well as the possible pattern of population fragmentation and relationships among species in the Artemia genus.
